Finding similar 3D structures is crucial for discovering potential structural, evolutionary, and functional relationships among proteins. As the number of known protein structures has dramatically increased, traditional methods can no longer provide the life science community the adequate informatics capability to conduct large-scale and complex analyses. A suite of highthroughput and accurate protein structure search and comparison methods is essential. To meet the needs of the community, we develop several bioinformatics methods for protein binding site comparison and global structure alignment. First, we developed an efficient protein binding site search that is based on extracting geometric features both locally and globally. Second, we developed an approach for accurate protein binding site comparison by applying a two-level heuristic process which progressively refines alignment results from coarse surface point level to accurate residue atom level. Finally, we introduced a parallel algorithm for global protein structure alignment by exploiting the parallelism of Graphics Processing Units (GPUs). Our findings can be applied in various research areas, such as prediction of protein interactions and screening in drug discoveries. The uniqueness of our methods is its ability to manipulate the big data of protein structures by integrating the feature-and alignment-based search and comparison approaches together, thus enabling more efficient and accurate analysis of large-scale protein structures for the research community.
